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ﬂ Digeaﬂ

Aerosols are very importent In, the national economy, social nygiene, and
national defense. Their basic properties (stability, coaguletion, sedimenta-
tion, 4istillation, structure, form, density, size of their particles, elsc-
trical cherge of the 1‘5{,“.(:109) depend on the nature of the smoke-forming agent,
and therefors on the ton¥¥ffons under whick the serosol is Formed.

Dispersion methods (atamizetion and explosion) (1-3) are more rarely used
than the condenseticn methods (adiabdatic expansion, evaporetion, eublimation,
chemicel condensation, and electric erc). (k-17) All condensation methods re-
gquire preliminary conversion of the mist-forming agent into the vepor phase,
followed by controlled condensation of the vapor to attein particles of 10-3
centimeters.

Method of Preparing Aerosols of High Concentrations .

All resesarch on ges-dispersed systems deécribsd thus far in scientific
literature has dealt with very emell velght concentrations of the dispersed
substance (that is, several milligrems per cubic meter). Important aerocsols
hovever, have a coneidsrably greater concentraticn.

The water conteined in one cubic meter of a cloud is usuelly 0.3 to 4.8,
or sometimes as much es 8 grams. (18) Efforts of the author to prepeare & more
or less stable aerosol of greater cancentraticn by various methods were unsuc-
cesaful, and for that reason a new method was tried:
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. dbatances with widely divergout boiling points, for exampls, glycsrin A
(b p 2., degrees) and liguid air (b p -194.4 degrees) or mercury (b p 357 degrees) ‘ TR e
end liguid nitrogen {b p ~155.7 degrees), were used. The substence with the lawer
boiling point was poured onto .the other, forming on the eurface of the latter a
large number of spheroidal droplets; with the evaporation of these droplets, an
asroscl was created. This asrosol was formed mainly in the vapor spece between
the spheroids and the surface of the serosol-forming 1iquid (or soiid).

Proliminary heating of this mie“-former increassed its vapor pressure and
consequently the concentration of the aercsol. Marcury at 25C degrees has a
vapor tension of T4.375 millimetere, and with liguid air produces a mist with ) ey
a concentration of 26 milligrems per liter; at 282 desgrees, with s vapor pres- oL . b
sure of 164.3 millimsters, the concentration producsd is 37 milligrems per liter.

Pontene at room temperature (20 dogrees) has a vapor tension of 420.2 mil-
limetere end gives .2 vary concontrated mist. Heptane and octene at 20 degrees . o
(vapor tensicne 35.5 and 10.45, respsctively) give progressively lover, though A/u’
still merked, concentrations. Homologues higher them octune in ithe serles do :
not produce & noticeable mist at room temperature.

The concentration of the aercsol varies almost proportionately with the
quemtity of liguid air (or other substance} which forms the spheroids: 1.5
milliliter produces a mist with & concentration of 5.55 milligrams per liter;
5.C milliliters, 12,1 milligrams per liter.

Dotailad investigution of the whole process of forming eerosols by this
method resulted in the following observations:

1. The mist-forming agent hes a temperature lower than its boiling point.
Next at its surface 1s & layer of an almost saturated vapor which 18 in equilib-
rium with the liguid agent. Therefore, the higher the temperaturs, the higher
the vapor pressure, although the layer of vapor forms at any temperatur:,

2. As noted before, the ligquid air forms spheroidal droplets (19-21). Be-
tween thess and the heated surface of the mist-forming agent is the layer of va-
por under low pressure which doss not permit the liguid air and the liquid agent
Lo touch each other. The process of the evaporation of the agent %& thersby some-
whet retarded,

Rebinder erd Pletensva (22) have shown that the tempexrature for the for-
mation of the drops (Te) 1s about 25 percent higher than the bolling point of the
liquid--that is, about 100 degrees K for both liquid air end liquid nitrogen.
They dstermined also that the vapor space between the drops and the liquid agent
for water, methyl alcohol, and benzene is 87-%0.¢. Gezekhus (19) gave a figure
of 0.03-0.1 millimeters for water.

Daryegin and Prokhorov (23) eetablished that the size of thie vapor
opace depends on the vepor tension of the 1liquid, the temperature, and the Ae-
gree of saturation by vapor of the space surrounding the drops. Thus, at 18
degrees the maximum width of the vapor space for hexane is 1,100 meters.y .
For an agent with liquid air or liguid nitrogen, this space was calculated to
be about 80-100_¢ .

5. Depressions or small cavities are formed by the droplets of liguid air
on the formerly mirrorlike surfacs of the mist-forming ‘agent. This increases tha
contact surface of the liquid-air vapor and the saturated vapor layer of the other
liquid.

4. The liguid air chills the saturated vapor layer of the other liquid,
making it supersaturated and thus condensing it to form the amerosole in the vapor
space between the liquid air amd the other substence. In accordance with the
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Gibbé; 22T theory'the supersaturetion during the process exceeds the critical IRECR
degree of supersaturation 20 times, One centimeter of 1liquid air produces ebout ' RS
150 centimaters of air, end a high degree of dispersion is obtained.

Roesarch om Electrical Properties of Asrosols To Explain the Mechemism of Mist-
Zormation :

The electricel properties of aeroeols depend on the methods of their for-
mation. Dispersion mothods and high temperatures tenmd to produce uncharged ik
particles. Therefors, in order to cleesify the new method, the ele~ .rical prop~ "
ertiss of 1ts particles were studied with ordinaery ultramicroscopic equipment.

Light fram & 500-watt kinelamp wse directed through & condensor end than e
raéiation filter (which eliminated the heat rays), to bs reflected from a mirror
and through an objective iuto a cuvetts. Particles of the asrosol in the cuvette
were viewed betwesn vs.':ical slectrodes 0.105 centimeter apert through & horizen-~
tal B. leitz microacops with an objectlve and & 2.6 x 15-power couwlar lens. In
the latter a ustwork of lines was spaced 0,0l centimster apart for detsrmining
the rate of settling of the particles.

The cuvette wes mads 'of copper in order to keep ths temperasture uniform and
to guickly eliminate convection currsnts (formed after the asrosols were let in),
Leads with direct currentamia voltage of 82 volts were attached to the electrodes.

The apparatus was sensitive enough to detect particles bearing & charge of one
electron.

Bventuelly the particles of all aerosols became charged for various reasoms.
That 1s why freshly msde aercsols (prepered mot more them 10 minutes previously)
were used for these experimsnts. All surfaces which came in contect with the
aerosol vere greased with vaseline oil to insure greater accuracy.

Three eerobols were made using, first, oleic acid as a mist-forming agent
and, secondly, with salol as the agent. With the oleic acid, 239, or 69.0 per-
cent, of the particles were charged in the pulverization method; 49.7 percent
wers charged positively. The condensation method resulted in k78, or 21.9 per-
ceat, of the particlec electrified, %9.5 percent positively. The liguid-air
method closely approximated the latter with respact to the porcentage of charged
particles with 15.4 percent, or L2k, charged, 4k.5 percent positively.

With salol, pulverization of an alcohol solution resulted in 220, ar 98.6
percent, electrified, 46.% porcent positively. Figures for the condensetion
method were 2i8 and 21.3 percent (38.7 percent positively); and for the liquid-
air method, 682 end 12.8 percent (k6.1 percent positively). Again, the liquid-
alr method more closely approximatad ths condensation method with respect to the
percentage of charged particles,

The liquid-air mathod apparently is, for the most part, a condensation
metho&.

The assumption that aerosols formed with liquefied gesee and liquids with
lov boiling pointe are formed chlefly by condensation 1s valid, hovever, only
insofar as the component with the low boiling point forme stable spheroids on

the surface of the mist-forming agent and only insofar as the whole process pro-
ceeds smoothly.

Resoarch an 011 Mists To Demonstrate the Duplicability of Aerosois Prepareid by
the Kew Method

Experiments were conducied with machine oil (dp9=0.91k) and tranaformer oil
(320<0.904), and tke maximum variance in the weight concentration of the oi1l mists
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From " riment to experiment did not eXceed 3-U4 percsnt. Messurements of the - ; .
relative optical deasities of the asrosols related to time for three parallel Y

experimenta showed an over-all veriation of 5-6 percent and an extreme diver=~
gence of ebout 10 pexrcent for only three of the measuremgnts teken.

Measuremsnts plotted by Deryegin and Vlesenko (24) of the size of the
particles with relation to time in three parallel experiments revealed an
average variletion of 5 percent and an extreme veriation of 8 percent for anly
three of the 30 measurements. From these figures, the constante for the rates
of coasgulation were calculatsd according to Swmolukhovskiy.

Meapurements of welght concentrations and photometric and ul‘cre.microscopic‘
measuremsnts completely comfirm the duplicability of asrosole prepared by the new
methed.

! Over 5,000 aerosols wers made with the uss of acetone, sthers; alcohols, TR f :
fatty acids, sslol, anthracene, water, and motele. Ethyl ether, pentans, em- '
nonie, sthylene, liquid air, ligquid nitrogen, snd carbon dioxide were uged as
low=boiling agents in the preparation of ths .aerosols of thess substances in
making thie etudy. .

Conclusions

1. A new method is propcsed for obtaining aerosols, based on the cén"ctici
of two substances differing greatly in their bciling pointe so that the sub-
stance with the low boiling point 1s in a spheroidal atate.

. 2. 'The new method is suitable for laboratory resesrch because of ite
simplicity emnd applicability to & wids circle of rubstances and because it
creates favorable conditioms for forming highly dispereed, concentrated, and
sufficiently stable aerosols.
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